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Inbreeding depression has alarming impacts on threatened species with small
population sizes. Assessing inbreeding depression has therefore become an important
focus of conservation research. In this study, heterozygosity-fitness correlations (HFCs)
were measured in adult and hatchling Lesser Antillean Iguanas, Iguana delicatissima,
from a sampling site at Batali Beach in Dominica to assess the role of inbreeding
depression on hatchling fitness and recruitment to the adult population in this endangered
species. HFCs in hatchlings revealed no significant correlations and no general effects,
suggesting that inbreeding depression may not be affecting hatchling fitness. Further,
there were no significant differences in heterozygosity between the adult and hatchling
groups suggesting that inbreeding depression may not be an important factor in shaping
the population dynamics of I. delicatissima in Dominica. HFCs in the adults, however,
revealed a significant negative correlation between heterozygosity and snout-vent length,
which is more consistent with outbreeding depression in the population.
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CHAPTER I
INTRODUCTION

In this study, the role of inbreeding depression on fitness and population
dynamics was assessed in a sampling site of the endangered Lesser Antillean Iguana,
Iguana delicatissima, in Dominica. Inbreeding depression has long been a concern for
small populations facing threat of extinction. The term inbreeding depression refers to the
reduction in fitness suffered by offspring of closely related pairs (Hedrick & Kalinowski
2000). This reduction in fitness has been observed many times in a variety of captive
populations and species (Ralls et al. 1988), and the effects of inbreeding depression on
wild populations is even more severe (Crnokrak & Roff 1999). In small populations,
consanguineous matings are often more common than in large populations, which can
increase the effects of inbreeding depression on population fitness. Further, in declining
populations such as those of the endangered iguanids of the Caribbean, the increased
stress in their environments due to human disturbance can increase the severity of
inbreeding depression (Armbruster & Reed 2005).
Two hypotheses have been proposed for the declining fitness of inbred
populations: the overdominance hypothesis and the directional dominance hypothesis
(Charlesworth & Charlesworth 1987). The former rests on the idea that homozygous
genotypes are less vigorous than heterozygous genotypes at single loci. The directional
dominance hypothesis suggests that inbreeding depression results from the increased
1

incidence of the expression of deleterious recessive alleles, often at multiple loci.
Deleterious alleles of small effect have been found in many populations, and a review of
these studies concluded that these mutations are likely the main cause of inbreeding
depression (Charlesworth & Willis 2009). Allele frequencies of some deleterious
recessives in small populations are expected to increase due to the enhanced role of
genetic drift (Hedrick & Kalinowski 2000). Therefore, close management of population
fitness is often necessary in populations that have undergone population size reduction
and habitat fragmentation.
Inbreeding has been measured in a variety of ways in natural populations.
Pedigrees are ideal for understanding relationships among individuals and are desirable
for conservation purposes, but often pedigrees are unattainable or impractical in wild
populations where individuals cannot be easily monitored (Grueber et al. 2011). Further,
certain species commonly engage in extra-pair fertilizations that make parent
identification difficult (Hansson & Westerberg 2002). Instead, population genetic
researchers have turned to comparing heterozygosity at multiple allozyme or
microsatellite loci to fitness traits of organisms, commonly called heterozygosity-fitness
correlations, or HFCs. In an attempt to assess inbreeding in natural populations, hundreds
of studies have investigated HFCs in a variety of study systems and fitness traits
(Coltman & Slate 2003; Chapman et al. 2009; Miller & Coltman 2014). Many of the
published studies report significant positive HFCs (Hansson & Westerberg 2002).
However, the hypothesized reasons for these correlations are varied, and not all HFCs
lend insight into inbreeding (Chapman et al. 2009). Three hypotheses have been
presented regarding the relationship between multi-locus heterozygosity and fitness. The
2

direct effect hypothesis states that loci under study are directly impacting the fitness of an
individual and are directly responsible for the HFCs observed (Hansson & Westerberg
2002). This hypothesis is commonly associated with allozymes, single-nucleotide
polymorphisms, or major histocompatibility complex loci, as homozygosity at these loci
can potentially alter biochemical efficiency or physical traits in individuals (Hansson &
Westerberg 2002; Grueber et al. 2008). The local effect hypothesis states that the
correlation of heterozygosity at neutral loci, such as microsatellites, with fitness traits is
due to linkage disequilibrium with loci directly affecting fitness (Grueber et al. 2008).
Finally, the general effect hypothesis posits that heterozygosity at neutral marker loci is
correlated with heterozygosity across the individual’s genome, thus suggesting that HFCs
are directly correlated with the level of inbreeding within individuals (Szulkin et al.
2010). In studies of inbreeding within populations of conservation interest, the use of
microsatellites has become increasingly common (Grueber et al. 2008). As microsatellites
are frequently treated as neutral marker loci, direct effects are considered unlikely.
Hence, discussion of HFCs detected using microsatellites are typically limited to general
effects and local effects in populations where inbreeding may be frequent (Szulkin et al.
2010).
Though many microsatellite studies have detected HFCs in wild populations,
most typically do not reveal strong HFCs, and the detected HFCs are usually only weakly
significant (Chapman et al. 2009). The lack of strong HFCs brings into question the
proposed importance of genetic maintenance in wild populations. Multiple explanations
for this gap between theory and experimental evidence have been presented. Many
studies search for insight into the causes of HFCs in large, essentially panmictic
3

populations in which significant inbreeding depression is likely rare (Grueber et al.
2008). Alternatively, different traits used in HFC studies may be less strongly associated
with inbreeding than others (Chapman et al. 2009). For example, Van Buskirk and Willi
(2006) found life history traits such as survival to sexual maturity or lifetime breeding
success to be more affected by inbreeding than other traits, such as morphological or
behavioral traits. The number and variability of microsatellites has also been proposed as
an important factor in detecting weak correlations between heterozygosity and fitness
(Balloux et al. 2004). However, consensus on the importance of these microsatellite traits
is debated. Though using a large number of variable microsatellites could theoretically
aid in detection of HFCs, there is evidence that the selected fitness traits have more effect
on HFC detection than the number of microsatellites used (Olano-Marin et al. 2011) or
their variability (Slate & Pemberton 2002). Finally, even the demographic history of the
species in question may play a role in the prevalence of inbreeding and its effects on
population fitness (Chapman et al. 2009).
Despite the large number of HFC studies in the past decade, many have failed to
address a potentially critical aspect of the sampling of individual heterozygosity, age
class, when evaluating inbreeding depression in wild populations. Natural selection has a
strong effect on survival of younger age classes, while its effects in later life stages have
been noted as less influential on survival (Medawar 1952; Hamilton 1966). Therefore,
younger age classes are expected to display greater variation in fitness than older age
classes, as unfit individuals will likely not survive to adulthood (Koehn & Gaffney 1984).
The changing population dynamics of ageing cohorts can potentially have a large effect
on HFC detection because of the decrease in unfit genotypes present in the surviving
4

individuals (David & Jarne 1997), which may mask the true effects of inbreeding on
fitness when only an older cohort is sampled. The aim of this study was to assess
inbreeding depression in a sampling site of an adult population of the endangered Lesser
Antillean Iguana, Iguana delicatissima, and hatchlings from this population’s communal
nesting site by relating multi-locus heterozygosity to fitness-correlated traits. By
comparing the hatchling and adult age classes, this study allows insight into not only the
effects of inbreeding depression on individual fitness, but also how inbreeding depression
shapes survivorship and ultimately the population dynamics of the adult population.
In addition to understanding the relationship between inbreeding depression and
age class, this study can offer insight into the effects of inbreeding depression on an
endangered species. Inbreeding depression is rarely considered a primary threat to species
survival, but it is possible that accumulating levels of inbreeding depression in a
declining population can increase extinction risk (Frankham 2005; Blomqvist et al.
2010). Therefore, inbreeding depression is an important aspect of conservation
management. Secondly, the majority of HFC research has historically focused on large,
outbreeding populations to understand the fundamental causes of HFCs (Grueber et al.
2008). In endangered species with small population sizes, not only is inbreeding likely
occurring at a higher rate than large populations, but the causes of HFCs are likely more
varied than in large populations. For example, smaller populations are usually
characterized by reduced genetic diversity, increased linkage disequilibrium, and may
even have purged much of the inbreeding load through multiple generations of increased
inbreeding (Grueber et al. 2008). This study is a contribution to our understanding of the
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importance of inbreeding depression to species decline and how HFCs are influenced by
declining population sizes.
For the aforementioned reasons, I. delicatissima (Laurenti 1768), is an excellent
study system. Iguana delicatissima is a large terrestrial lizard native to most of the
northern islands of the Lesser Antilles (Breuil et al. 2010). Despite the large geographic
range of I. delicatissima across the Lesser Antilles, the species is declining at an alarming
rate. Not only is the species victim to many of the pressures facing other iguanids of the
Caribbean, such as predation by feral mammals and loss of habitat (Malhotra et al. 2007),
but I. delicatissima is also vulnerable to competition and hybridization with the invasive
Green iguana, Iguana iguana (Breuil et al. 2010; Martin et al. in press). Recent
introductions of the Green Iguana are highly correlated with the extirpation of several
Lesser Antillean Iguana populations, including Les Îles des Saintes (Lazell 1973; Breuil
et al. 2010) and Grande-Terre of Guadeloupe (Breuil et al. 2010). The Commonwealth of
Dominica currently hosts the largest populations of I. delicatissima due to the absence of
the Green Iguana and the presence of large areas of uninhabited coastline that are
essential for nesting (Day et al. 2000). However, concerns about these populations in
Dominica have increased due to a rise in anthropogenic disturbance. It is therefore
essential to understand how inbreeding depression is affecting fitness in this endangered
species to inform conservation management planning.
As the sampling site at Batali Beach in Dominica (Figure 1.1) still supports a
dense population of I. delicatissima, competition for resources is likely intense.
Therefore, inbred individuals with decreased fitness should be less likely to reach
adulthood due to more intense selection than expected at lower population density.
6

Populations on Dominica, however, are also at risk for decline due to road mortality and
loss of habitat (Knapp et al. in press). This could lead to an increase in the proportion of
inbreeding and ultimately the fitness of the population.

Figure 1.1

Map of the Commonwealth of Dominica

A map of the island of Dominica in the Lesser Antilles. The inset map represents the
range of the Lesser Antillean Iguana, with Dominica outlined in green. The sampling site
at Batali Beach in Dominica is outlined in green, and the photograph of a Lesser
Antillean Iguana was taken by Charles Knapp.
7

The first hypothesis addressed in this study is that inbreeding depression
influences hatchling vigor in I. delicatissima. The negative effects of inbreeding often
influence multiple components of individual fitness. Two important components are egg
viability and survivorship of hatchlings to adulthood. In cases of inbreeding where
recessive lethal alleles are combined, individuals may not survive to hatching. For
example, close inbreeding in red-cockaded woodpeckers resulted in higher hatching
failure and decreased survival of offspring (Daniels & Walters 2000). Inbred offspring
that do survive to hatching or birth are often smaller and less vigorous than their outbred
counterparts (Stockley et al. 1993; Coltman et al. 1998). To determine whether
inbreeding depression is significantly affecting fitness in hatchling I. delicatissima
individuals, we utilized multi-locus heterozygosity (MLH) of microsatellite markers to
test for heterozygosity-fitness correlations (HFCs) in three fitness-correlated traits.
Microsatellites are generally considered neutral markers, and as such are not typically
thought to be directly responsible for observed HFCs (Grueber et al. 2008). Instead,
microsatellites allow estimation of inbreeding in individuals caused by general and local
effects. General effects of inbreeding would be of the greatest interest to detect
inbreeding depression, as this would suggest that the heterozygosity at the chosen
microsatellite loci is reflective of levels of heterozygosity across the genome (Chapman
et al. 2009). If heterozygosity is positively correlated with trait values for these three
fitness proxies in hatchlings (hatching date, body mass, and snout-vent length), then it is
likely that inbreeding depression plays a role in hatchling fitness.
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The second hypothesis addressed in this study is that inbreeding depression
significantly influences recruitment to the adult population of Lesser Antillean Iguanas at
Batali Beach. As the population at Batali Beach is very dense, it is likely at or near
carrying capacity, and few offspring survive to adulthood. The beginning of life for
iguanas is challenging, as hatchlings do not benefit from significant parental care and
must often clear a path out of their nest burrows once hatched (Bock & Rand 1989).
Further, predation rates of hatchlings are greater than that for adults due to their smaller
size, and juveniles must compete with adult iguanas for territory (Breuil et al. 2010). If
inbreeding depression is influencing the population dynamics of I. delicatissima,
hatchlings that result from close inbreeding likely suffer harmful fitness effects that
decrease their survival to adulthood. The trend of intense selection in the youngest age
classes is not unique to iguanas. An excellent example of the effects of age-dependent
selection is the alpine marmot study system, Marmota marmota, which must survive
harsh winters and territoriality from dominant males as juveniles (Cohas et al. 2009).
These researchers found evidence of inbreeding depression among juveniles in the
population, as MLH correlated strongly with survival. Among adult marmots, however,
no correlation between MLH and fitness was revealed (Cohas et al. 2009). In other
words, the evidence of inbreeding depression in the population of adult marmots was
diminished through the strong selection on the juvenile age class eliminating variation in
fitness among individuals. Additionally, as shown in many studies of endangered
populations, inbreeding depression is directly associated with decreasing population size
and a subsequent increase in related individuals (Hedrick & Kalinowski 2000). In this
sampling site of I. delicatissima, it is possible that a decrease in population size is leading
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to an increase in the effects of inbreeding depression on both hatchling and adult fitness.
To test the hypothesis that inbreeding depression has a significant effect on recruitment
and ultimately population dynamics in natural populations, we compared MLH of the
adult I. delicatissima individuals at the Batali Beach sampling site with MLH of
hatchlings from the local communal nest site and assessed the intensity of selection. We
also utilized multi-locus heterozygosity (MLH) of microsatellite markers to test for
heterozygosity-fitness correlations (HFCs) in the adults using three fitness-correlated
traits. If this hypothesis is to be supported, we should expect the I. delicatissima
hatchlings to be more variable in heterozygosity at microsatellite loci than the adult
population because highly inbred individuals, identified by high levels of homozygosity,
will not be present in the adult population. The intensity of selection should be high when
comparing hatchlings to adults if the effects of inbreeding are largely eliminated in
hatchlings. Finally, we would expect little to no correlation between heterozygosity and
fitness in the adults, as only the most fit and least inbred individuals are present in the
adult age class.
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CHAPTER II
MATERIALS AND METHODS

Study System
Dominica is one of the largest islands of the Lesser Antilles and maintains most of
its original herpetofauna (Malhotra et al. 2007). The Lesser Antillean Iguana is an iconic
species of the island, but due to declines across the species’ range, the conservation status
of the species was uplisted to Endangered according to the IUCN RedList criteria (Breuil
et al. 2010). Populations of I. delicatissima are currently considered stable in Dominica
despite a rise in anthropogenic disturbance, and these populations deserve close
management. As this iguana nests along the coast, the development of resorts for
increasing tourism is a great concern. Equally troubling is the large number of road
mortalities occurring as females travel to communal nesting sites (Knapp et al. in press).
The sampling site at Batali Beach hosts a dense population of I. delicatissima. Batali
Beach also holds a communal nest site utilized by many female iguanas from the local
population, which allows comparison of two age classes from the same region. As
Dominica represents one of the last stable populations of this endangered iguana, this
study offers an opportunity to understand inbreeding depression in an important
population of the species and inform conservation management planning.
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Sampling
Iguana delicatissima blood samples were collected from the Batali Beach
sampling location in the Commonwealth of Dominica (Figure 1.1). Adult iguanas were
captured by noose in three field seasons in the summers of 2007, 2008, and 2009. Earlier
summer months coincided with the timing of female migration to communal nesting
sites, and the later summer months of August and September aligned with the primary
hatching period (Knapp & Perez-Heydrich 2012). Blood was collected by venipuncture
of the ventral coccygeal vein using a heparinized syringe and stored in vacutainer tubes
with 100mM Tris, 100mM Na2 EDTA, 10mM NaCl, and 1% SDS at a ratio of 1:2
(Longmire et al. 1997). Body mass, snout-vent length, and head width were recorded, and
adult iguanas were characterized by a snout-vent length of 25 centimeters or greater.
Finally, adult individuals were identified as male or female by cloacal probe to detect
hemipenes (Knapp & Perez-Heydrich 2012). Hatchling samples were collected in August
and September of 2009 from an enclosure built around the nesting site at Batali Beach
(Figure 2.1). Body mass, snout-vent length, and hatching date were recorded for the
hatchlings, and blood was collected and stored in the same manner as the adult blood
samples (Knapp et al. in press). All blood samples have been stored in freezers at 4°C or 80°C.
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Figure 2.1

Hatchling Enclosure

Enclosure built around the communal nesting site at Batali Beach. Photograph taken by
Charles Knapp.
Data Collection
Blood samples of 100 adults from the Batali Beach sampling site were utilized for
this project, as bias may be introduced when assessing inbreeding if adults from across
the island show genetic structure not detected in the preliminary analyses. DNA was
extracted from these 100 adults and 192 hatchlings from the Batali Beach communal
nesting site using an ABI PRISMᵀᴹ 6100 Nucleic Acid Prep Station (Applied
Biosystems, Foster City, California, USA) or a Maxwell® 16 Nucleic Acid Extraction
System with a Maxwell® 16 Tissue DNA Purification Kit (Promegaᵀᴹ). To identify
polymorphic microsatellite loci in I. delicatissima, 60 anonymous microsatellites
identified in studies of Cyclura species (An et al. 2004; Rosas et al. 2008; Lau et al. 2009;
Welch et al. 2011) were tested for amplification using a basic PCR touchdown cycle
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(Don et al. 1991). This touchdown cycle consisted of a denaturing temperature of 94°C
for 5 minutes and then 10 cycles beginning with 30 seconds at 94°C, an initial 65°C for
annealing, and 45 seconds at 72°C for elongation, with the annealing temperature
decreasing in 1°C increments each of the 10 cycles to 55°C. This is followed by 25 cycles
with an annealing temperature of 55°C and a final elongation period of 7 minutes at
72°C. Sequence amplification was verified on 1% agarose gels. Of the 60 loci tested, 46
successfully amplified in I. delicatissima. Optimal annealing temperatures for these 46
loci were selected based on the clarity of bands visualized on 1% gels. With the exception
of microsatellite loci identified in Cyclura pinguis (Lau et al. 2009), M13 forward primer
(CACGACGTTGTAAAACGAC) (Schuelke 2000) labeled with one of four fluorescent
dyes (FAM, NED, HEX, VIC) was then added to amplified loci during three-primer
PCR, and the resulting product was shipped for electrophoresis at Arizona State
University. Of these 46 loci screened for variation, nine loci were polymorphic in I.
delicatissima. The 100 adult iguanas and 192 hatchlings were subsequently genotyped at
these nine polymorphic loci in a similar manner as described above. These genotype data
were scored using Peak Scanner Version 1.0 (Applied Biosystems). Individuals scored at
fewer than six microsatellite loci were excluded from further analyses.
Analyses
The use of microsatellites requires special care to avoid bias and genotyping
errors that may occur due to the presence of null alleles, high levels of stutter, and short
allele dominance. The program MICRO-CHECKER (Van Oosterhout et al. 2004) was
used to identify loci with potential genotyping errors. MICRO-CHECKER utilizes a
Monte Carlo simulation method and deviations from Hardy-Weinberg equilibrium to
14

calculate the frequencies of null alleles and expected allele frequencies (Van Oosterhout
et al. 2004). Default settings were used for the confidence interval and number of
iterations. Loci with a high probability of containing null alleles or scoring errors were
excluded from further analyses to avoid causing any potential false signal of homozygote
excess, which would inflate estimates of inbreeding. After microsatellites were assessed
for error, GenAlEx v. 6.501 (Peakall & Smouse 2012) was used to calculate F-statistics
(Nei 1977), observed heterozygosity, expected heterozygosity according to HardyWeinberg equilibrium theory, departures from Hardy-Weinberg equilibrium, and allele
frequencies for the adult and hatchling groups.
The effective population size of the Batali Beach population was calculated using
adult individuals according to the linkage disequilibrium method of Waples (2006) as
implemented in NeEstimator v. 2.01 (Do et al. 2014). This method uses the levels of
linkage disequilibrium among the scored microsatellites in the sample set to estimate the
effective population size, with higher levels of linkage disequilibrium resulting in a
smaller effective population size estimate (Waples 2006). Default settings were used,
including the assumption of random mating in the linkage disequilibrium model and the
use of 95% confidence intervals for the parametric method.
Heterozygosity-fitness correlations can be detected using regression. The
dependence of the fitness proxy in question on the chosen measure of multi-locus
heterozygosity (MLH) is estimated. For this study, three measures of MLH were utilized:
standardized heterozygosity (SH; Coltman et al. 1999), internal relatedness (IR; Amos et
al. 2001), and heterozygosity by locus (HL; Aparicio et al. 2006). SH is a calculation of
the proportion of typed microsatellite loci that are heterozygous in an individual divided
15

by the mean heterozygosity of the typed loci of the population (Coltman et al. 1999). A
positive correlation between SH and fitness suggests a correlation between increasing
heterozygosity and fitness. IR differs from SH by attempting to account for individuals
that carry homozygous genotypes for rare alleles (Amos et al. 2001). This is achieved by
incorporating the weight of alleles based on their frequency according to methods
outlined in Queller and Goodnight (1989). Finally, HL weighs heterozygosity at each
microsatellite locus based on marker variability, or the number of alleles, to avoid
potential bias presented by rare alleles in individuals resulting from population admixture
(Aparicio et al. 2006). Both IR and HL are inversely related to SH in that a positive
correlation between heterozygosity and fitness is indicated by a negative correlation
between IR or HL and the fitness trait (Aparicio et al. 2006). All HFC studies use at least
one of these three MLH measures (Chapman et al. 2009; Grueber et al. 2011), and by
including all three measures, these results can be more readily compared to those other
studies. Calculations for SH, IR, and HL were performed in the R (R Development Core
Team, 2013) package Rhh v. 1.0.2 (Alho et al. 2010). SH of adults and hatchlings was
fitted to a normal curve and the goodness of fit was calculated using a Shapiro-Wilk Test
to test for normality. The data were found to be non-normal (W=0.98; P<0.0003).
Therefore, we utilized the nonparametric Wilcoxon Signed-Rank Test to test for a
significant difference in means between the hatchling and adult MLH measures (SH, IR,
HL) in JMP® v. 11.2.
Choosing the appropriate fitness traits is important to the detection of significant
HFCs (Chapman et al. 2009). For this study, three fitness traits were utilized for the adult
and hatchling iguanas. For the adults, body mass (in grams), snout-vent length (in
16

centimeters), and head width (in millimeters) were used. For hatchlings, body mass (g),
snout-vent length (cm), and hatching date were the chosen fitness traits. Multiple studies
have found a correlation between body size and fitness in lizards (Clobert et al. 2000; Le
Galliard et al. 2004). Two commonly used measures for body size in lizards are utilized
as fitness variables for both the adults and hatchlings: body mass and the length of the
animal measured from the snout to the base of the tail, termed snout-vent length (SVL)
(Le Galliard et al. 2004; Warner & Shine 2007). In adult iguanas, body mass and SVL are
correlated with dominance in males and clutch size in females (King 2000; Alberts et al.
2002). Further, in I. delicatissima on Dominica, a correlation was found between SVL
and clutch size in females (Knapp et al. in press). Body mass and SVL are also deemed
important fitness traits in hatchlings, as larger hatchlings tend to acquire resources and
escape predators more successfully than their smaller counterparts in many lizard species
(Clobert et al. 2000; Le Galliard et al. 2004). Head width was also included as a fitness
variable for adults, as head width is correlated with bite force, which allows increased
dominance and territory maintenance in male iguanas (Herrel et al. 2001). This trait is
also correlated with body size, yet is not affected by seasonal variation or gravid female
bias. Finally, hatching date was included as a fitness variable for hatchlings, as a recent
study suggests that hatching date may also be an important factor in juvenile lizard
survival, with the earliest-hatching individuals experiencing increased growth rate and
survival (Warner & Shine 2007). Their study used jacky dragon individuals that grew in
the same yolk amounts and were allowed the same amount of resources following
hatching, and individuals that hatched earlier had significantly higher growth rates
(Warner & Shine 2007). By controlling for maternal contributions of yolk, Warner and
17

Shine (2007) demonstrated that the causes behind this increased growth rate in earlyhatching individuals likely have a genetic basis.
All regressions were performed in JMP® v. 11.2 by regressing the fitness trait on
each measure of MLH (SH, IR, and HL). In I. delicatissima in Dominica, there was no
significant difference found between adult male and female body mass and SVL (Knapp
et al. in press). However, to ensure there were no possible biases from sex-specific
differences in size, body mass, SVL, and head width were standardized by sex. These
standardized scores were generated by calculating z-scores for each fitness proxy for
males and females separately and then pooling the resulting values. These z-scores all
share a mean of zero and a standard deviation of one (Sokal & Rohlf 1995). The
standardized scores were then combined and regressed on SH, IR, and HL. For the
regressions of adult body mass, females that were collected before August were excluded
to prevent bias from gravid females. Body mass, SVL, and hatching date were regressed
on all hatchling MLH measures in the same manner as the adults, with the exception that
hatchling traits were not standardized by sex.
Distinguishing between general and local effects in this study is important, as
only HFCs generated from general effects would suggest that inbreeding depression is the
cause of any detected correlations. One requirement for general effects is that the
heterozygosity of the marker loci must be correlated with heterozygosity across the
genome, which is tested by calculating identity disequilibrium. Identity disequilibrium
(ID) is the covariance in marker heterozygosity, or the non-random heterozygosity
association among loci in an individual (Weir & Cockerham 1969; Miller & Coltman
2014). ID was calculated using the g2 statistic presented in David et al. (2007) and
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accompanying software, RMES (David et al. 2007). The g2 parameter represents the
covariance in heterozygosity, or the proportion of variance in genotypic state at one locus
explained by the genotypic state at a second locus (Szulkin et al. 2010). Default settings
were used for estimation of g2 in RMES (David et al. 2007). A positive value for g2 would
suggest the existence of identity disequilibrium, and therefore suggest inbreeding
depression is at least partially responsible for any observed HFCs.
The other alternative hypothesis for HFCs in studies using microsatellites is the
local effect hypothesis, in which the chosen markers are in linkage disequilibrium with
fitness loci. If certain microsatellite loci are indeed linked to loci that directly affect the
fitness traits, these loci would more strongly correlate to the fitness trait in a simple
regression than other loci and would be a greater contributor to the overall correlation
between MLH and fitness. The data were tested for local effects using the method
outlined in Szulkin et al. (2010):

𝐹=

(𝑟𝑒𝑠𝑆𝑆1 − 𝑟𝑒𝑠𝑆𝑆2 )/(𝑑𝑓1 − 𝑑𝑓2 )
𝑟𝑒𝑠𝑆𝑆2 /𝑑𝑓2

(2.1)

In this equation, resSS1 and resSS2 are the residual sum of squares for the simple
regression using MLH as defined by Szulkin et al. (2010) and the multiple regression
using all single-locus heterozygosities, respectively. The values df1 and df2 are the
degrees of freedom for the two models. In summary, this method compares the residual
sum of squares of a simple regression of a fitness trait on MLH to a multiple regression
of a fitness trait on heterozygosity at each locus to test if certain loci are contributing
more heavily to observed HFCs than others. The resulting value from the equation
comparing the simple and multiple regression was compared to the critical F value with
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degrees of freedom (df1 - df2, df2) (Szulkin et al. 2010). If the result from the equation of
Szulkin et al. (2010) is greater than the critical F value, the data would suggest significant
local effects. All traits for hatchlings and adults were tested for local effects using only
individuals genotyped at all microsatellite loci.
The intensity of selection was calculated using the MLH measures, SH, IR, and
HL, of the hatchlings and adults according to Van Valen’s (1965) alteration of Haldane’s
equation (Haldane 1954), shown below:

𝐻=

1

s2b

̅ −X
̅ )2
(X

ln ( 2 ) + a 2 b2
2
s
2(s −s )

(2.2)

𝐼 = 1 − 𝑒 −𝐻

(2.3)

a

b

a

In this equation, Sb is the standard deviation before selection, which in this case
refers to the standard deviation in the MLH measure in the hatchlings, and Sa is the
standard deviation after selection, which refers to the standard deviation of adult MLH.
𝑋̅b refers to the mean of the hatchling MLH measure, and 𝑋̅a refers to the mean of the
adult MLH measure. Values for Van Valen’s (1965) equation using SH, IR, and HL of
adults and hatchlings were reported. This equation relies on differences between a fitness
trait, which in this case is heterozygosity of hatchlings and adults, and uses these
differences to determine how many individuals from the group before selection must be
removed to see the distribution of the fitness trait, heterozygosity, observed in the group
after selection has taken place. In this application, the interpretation of this value for the
intensity of selection relies on the assumption that all hatchling cohorts are similar in
MLH means and variances to the cohort tested in this study.
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CHAPTER III
RESULTS

Out of the total 100 adult individuals and 192 hatchlings utilized for this study, 83
adults and 184 hatchlings were scored at six or more loci and were used for all further
analyses, unless otherwise specified. MICRO-CHECKER (Van Oosterhout et al. 2004)
detected the presence of null alleles and homozygote excess in two of the nine loci, D110
and CycCar109. The estimated null allele frequencies for these loci were 0.23 and 0.08,
respectively. These loci were subsequently removed from further analyses to prevent
potential bias through superficial homozygote excess, leaving a total of seven
microsatellite loci utilized for further analyses.
Values estimated by GenAlEx v. 6.501 (Peakall & Smouse 2012) for observed
and expected heterozygosity, fixation index (F), and departures from Hardy-Weinberg
equilibrium by locus and age group are summarized in Table 3.1. The mean observed and
expected heterozygosity for hatchlings across all loci were 0.427 (SE=0.04) and 0.436
(SE=0.039), respectively. For adults, the mean observed and expected heterozygosity
across all loci were 0.473 (SE=0.043) and 0.467 (SE=0.043), respectively. The mean
values for F across all loci were 0.022 (SE=0.024) for hatchlings and -0.016 (SE=0.031)
for adults (Figure 3.1). The differences in mean F values were not significant (P > 0.05).
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Table 3.1

Microsatellites for I. delicatissima

Name

NA

D105

Size

Adult Adult Hatch Hatch Adult Hatch HWE Reference
HO
HE
HO
HE
F
F

2 264-275 0.513 0.451 0.475 0.437 -0.136 -0.087

Lau et al.
2009
D135
4 277-289 0.5 0.537 0.409 0.442 0.069 0.074 NS Lau et al.
2009
D136
3 152-160 0.238 0.232 0.25 0.274 -0.023 0.088
* Lau et al.
2009
Ccste02
5 274-292 0.58 0.593 0.598 0.606 0.021 0.014 *** Rosas et
al. 2008
CycCar177 2 247-251 0.532 0.499 0.457 0.496 -0.068 0.079 NS Welch et
al. 2011
60HDZ13 2 283-287 0.514 0.482 0.387 0.383 -0.065 -0.011 NS An et al.
2004
60HDZ148 2 110-114 0.432 0.475 0.414 0.412 0.091 -0.006 NS An et al.
2004
Mean
2.9
0.473 0.467 0.427 0.436 -0.016 0.022
NA is the number of alleles at the locus, the size of the microsatellite is listed for I.
delicatissima, HO is observed heterozygosity, HE is expected heterozygosity, and F is the
inbreeding coefficient. HWE stands for Hardy-Weinberg Equilibrium, and in this case,
NS represents a non-significant departure from HWE, * represents a slightly significant
departure (P < 0.05), and *** represents a strong departure (P < 0.001) from HWE. The
reference for each microsatellite is listed in the final column. The final row contains
mean values.
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Figure 3.1

Standardized Heterozygosity and Inbreeding Coefficients

A comparison of standardized heterozygosities (SH) and inbreeding coefficients (F) in
the hatchling and adult groups of Iguana delicatissima from Batali Beach. Error bars
depict standard errors. No comparisons were significant (Wilcoxon Signed-Rank Test
gave P-values all greater than 0.05).
When restricting the data to using only allele frequencies greater than 0.05,
NeEstimator v. 2.01 (Do et al. 2014) estimated the effective population size of the adult
Batali Beach population to be 52.8 with a 95% confidence interval of 18.9 to 661 using
the parametric method.
Mean values for measures of MLH as calculated in Rhh v. 1.0.2 (Alho et al. 2010)
for adults were 0.994 for SH, 0.001 for IR, and 0.509 for HL. Mean values for hatchlings
were 1 for SH, 0.021 for IR, and 0.551 for HL. The Wilcoxon Signed-Rank Test revealed
no significant differences between the means of adult and hatchling SH, adult and
hatchling IR, and adult and hatchling HL (all P-values > 0.05) (Figure 3.1).
Correlations were weak and non-significant for regressions of body mass as the
response variable and MLH as the predictor in adults and hatchlings. When using SVL as
the response variable, correlations were non-significant in hatchlings. However, in adults,
a significant negative correlation was found between heterozygosity and SVL (SH:
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R2=0.06, P=0.029) (Figure 3.2). Finally, there were negative trends but no significant
correlation found between adult head width and MLH or hatching date and MLH in
hatchlings (Figure 3.2). To ensure individual data were reported and analyzed properly, a
regression of standardized body mass on standardized SVL was run. These two body size
measures were positively correlated with an R2 of 0.85 (P < 0.0001) in adults and an R2 of
0.47 (P < 0.0001) in hatchlings, which would be expected. All of the linear regression
values are summarized in Table 3.2.
Table 3.2

Heterozygosity-Fitness Correlations for Hatchlings and Adults

Age Class

Fitness Trait

N

Adults

Head Width

82

MLH

R2

P-value

SH
0.03
0.12
IR
0.03
0.11
HL
0.03
0.13
SVL*
83
SH
0.06
0.03
IR
0.06
0.03
HL
0.06
0.03
Body Mass
40
SH
0.01
0.54
IR
0.01
0.47
HL
0.01
0.59
Hatchlings
Hatching Date* 184
SH
0.01
0.10
IR
0.01
0.11
HL
0.02
0.07
SVL
183
SH
5.56E-05
0.92
IR
5.53E-04
0.75
HL
8.08E-04
0.70
Body Mass
183
SH
8.45E-05
0.90
IR
6.07E-05
0.92
HL
6.19E-06
0.97
Linear regression data for adults and hatchlings, including the tested trait, the number of
individuals for the trait (N), the MLH measure, R2 value, and P-value. A * is placed
beside traits that are displayed in the graphs of Figure 3.2. P-values < 0.05 are considered
significant.
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Figure 3.2

Linear Regressions of Snout-vent Length (A) and Hatching Date (B)

Graph A represents the regression of z-scores for adult SVL on adult standardized
heterozygosity values, and graph B represents the regression of hatching date on
hatchling standardized heterozygosity values. R2 values and P-values are reported on the
graphs and are associated with the shown trend line.
For the analysis of the potential cause of detected HFCs, an analysis of the
presence of identity disequilibrium in RMES (David et al. 2007) using the g2 statistic did
not reveal significant identity disequilibrium for either the adults (g2 = 0.042, p = 0.075)
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or the hatchlings (g2 = -0.018, p = 0.814). Both the hatchling and adult HFCs were tested
for local effects according to Szulkin et al. (2010). Both body mass and SVL correlations
in the hatchlings revealed no significant local effects, with calculated F(135,129) of 0.48 and
F(135,129) of 1.67 respectively, compared to the tabulated F(6,129) value of 2.17. However,
there was evidence for local effects in the correlation between MLH and hatching date,
with a calculated F(136,130) of 3.16. This value was greater than the tabulated F(6,130) value
of 2.17, indicating that the multiple regression explains significantly more of the
relationship between heterozygosity and hatching date than the regression of all loci on
the fitness trait. In the multiple regression, heterozygosity at two loci was significantly
correlated with an early hatching date. These loci, D136 and Ccste02, had P-values of
0.01 and 0.0006, respectively. For all of the adult correlations, there were no significant
local effects detected. For body mass, the calculated F(31,25) was 1.6 and the tabulated
F(6,25) was 2.49. For SVL, F(65,59) was 1.36 and the tabulated F(6,59) was 2.26, and for head
width, F(64,58) was 1.01 and the tabulated F(6,58) was 2.26.
The intensity of selection according to Van Valen’s (1965) equation comparing
MLH before and after selection did not reveal evidence of selection favoring
heterozygotes. Using hatchling and adult MLH, estimates of the intensity of selection
were -0.04 for SH, -0.08 for IR, and -0.23 for HL.
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CHAPTER IV
DISCUSSION

Inbreeding and Hatchling Fitness
Though inbreeding has been associated with significant effects on hatchling
fitness in many species (Olsson et al. 1996; Kruuk et al. 2002; Reid et al. 2003), this
study reveals no evidence of these effects on hatchling Lesser Antillean Iguanas at the
Batali Beach communal nesting site. All correlations between heterozygosity and the
chosen fitness traits were weak and non-significant. This result was unexpected
considering that multiple studies have demonstrated significant positive HFCs in younger
age classes (Coltman et al. 1998; Slate & Pemberton 2002). There was also no significant
identity disequilibrium, and therefore no general effects, which would be expected if
detected HFCs can be attributed to inbreeding depression. This is unsurprising given the
absence of significant HFCs. However, there was evidence of local effects, which means
that detected HFCs are due to linkage disequilibrium (LD) between certain microsatellite
loci and loci directly affecting fitness. These local effects were detected in the weak
correlation between heterozygosity and early hatching date, with two loci contributing to
the majority of the HFC. Therefore, it is possible that these two loci are in LD with genes
directly affecting hatching date. The detection of local effects is notable in this case as it
is rare to find local effects when the simple regression HFC is weak (Szulkin et al. 2010).
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In fact, we could find no examples of local effects detected with weak HFCs in the
extensive HFC literature.
Szulkin et al. (2010) stated that levels of LD must be high in these individuals to
detect local effects using HFCs which leads to a pressing question: what could be causing
this LD in the hatchlings at Batali Beach? This evidence for LD could be from genetic
drift due to small population size, a population bottleneck, or population admixture. The
estimate for effective population size of Lesser Antillean Iguanas at the Batali Beach
sampling site in this study was 53 individuals with a 95% confidence interval (CI) of 19
to 661 individuals. Although these estimates for effective population size are consistent
with those found in other island reptile species (Ciofi & Bruford 1999; Steinfartz et al.
2007), the values for effective population size are likely biased upwards in this study. The
estimates for effective population size are often smaller than census population size, yet
our estimates are similar to the census population size estimated from recapture data of
iguanas from Batali Beach (95% CI = 46-52 individuals; Knapp & Perez-Heydrich 2012).
Further, the method used in this study to calculate effective population size relies upon
the assumption that the microsatellite loci under study are selectively neutral, and in the
presence of LD, this assumption may not be met. Therefore, a small effective population
size is likely playing some role in generating LD in I. delicatissima at Batali Beach. This
was found to be the case in another study of an iguana species, Cyclura carinata, which
revealed an effective population size of 169 with a 95% confidence interval of 86 to 604
individuals on Little Water Cay in the Turks and Caicos Islands, and significant local
effects were found (Berk 2013). With respect to the possibility of a population
bottleneck, there is currently no evidence to suggest populations of I. delicatissima
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suffered severe declines historically in Dominica. Population admixture, however, may
be contributing to the local effects uncovered in the hatchlings. This population
admixture could arise through the presence of even weak genetic structure across the
island of Dominica. Hence, migration between populations could be an important factor
shaping population dynamics and contributing to the observed patterns of LD.
The lack of significant HFCs attributed to general effects in the Lesser Antillean
Iguana hatchlings does not support the initial hypothesis that inbreeding depression is
influencing hatchling vigor. However, the absence of evidence for inbreeding depression
negatively affecting hatchling fitness and the presence of local effects in I. delicatissima
does not strictly exclude the possibility of inbreeding depression in hatchling iguanas.
With respect to the detection of local effects, LD only generates a correlation between
loci, but in order to see significant local effects in HFCs, a correlation between the
heterozygosity of these loci must exist (Szulkin et al. 2010). Thus, identity and linkage
disequilibrium often arise simultaneously. With regard to the weak HFCs, there are many
suggested reasons for weak and non-significant HFCs in populations that should show
evidence of inbreeding depression decreasing fitness in individuals. A commonly
addressed problem is the low number and variability of microsatellite loci used in HFC
studies (Chapman et al. 2009). As the number and variability of the microsatellite loci
utilized in this study are notably low, it is indeed possible that by including more
microsatellite loci we may detect a stronger effect of inbreeding on hatchling fitness.
Another possible factor limiting the ability to detect significant HFCs are the traits used
as fitness proxies (Chapman et al. 2009). In a meta-analysis by Chapman et al. (2009),
life-history traits showed the strongest effect sizes, followed by physiological traits and
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then morphological traits. Finally, smaller populations tend to have stronger HFCs that
are likely due to the increased incidence of consanguineous matings (Szulkin et al. 2010).
As the population of I. delicatissima in Dominica is the largest remaining of the species
(Day et al. 2000), it is possible that inbreeding is not as common as in other iguanid
species.
Intensity of Selection
The data generated for this study also fail to support the hypothesis that
inbreeding depression is significantly affecting recruitment to the adult population of
Lesser Antillean Iguanas at the Batali Beach sampling site. It was expected that
hatchlings would carry more evidence of inbreeding, correlated with higher levels of
homozygosity, than the adults. However, there were no significant differences in
inbreeding coefficients between adults and hatchlings, and standardized heterozygosity
did not differ between the two age classes (Figure 3.1). The lack of a significant
difference in heterozygosity between adults and hatchlings is reflected in the negative
values for Van Valen’s (1965) intensity of selection.
These results contrast sharply with a recent study on Cyclura carinata that
uncovered significant differences in heterozygosity between adult and hatchling groups in
a small population in the Turks and Caicos Islands (Berk 2013). This difference in
heterozygosity led to a very high value, 0.627, for the intensity of selection using SH
(Berk 2013). This population of C. carinata, however, was an extremely dense, healthy
population likely at carrying capacity (Gerber 2004). With I. delicatissima in Dominica,
populations may not be at carrying capacity due to the increasing human disturbance of
habitat and road mortalities. Thus, the greatest impact to population dynamics may not be
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natural selection acting on inbred individuals, but rather anthropogenic mortality. The
lack of evidence for inbreeding depression shaping population dynamics in this species is
informative for conservation management of I. delicatissima. This study suggests that
inbreeding depression may not be an important factor in the decline of the species in
Dominica, and that other concerns such as habitat loss and mortality from human
activities are more pressing in terms of species survival.
Age-Dependent HFCs and Outbreeding Depression
The second hypothesis addressed in this study is that selection is removing more
inbred, homozygous hatchling individuals before they can reach adulthood. If true, we
would expect to see stronger positive correlations between heterozygosity and fitness in
hatchlings than adults (Cohas et al. 2009). This is expected because variation in
heterozygosity levels is lower in adults than it is in hatchlings, such that only very
heterozygous, fit adults survive in the population. The data found for HFCs in the adults
is consistent with this claim, as there was no evidence for positive correlations between
heterozygosity and fitness for the three fitness proxies in adults. There were also no
general or local effects identified in any of these HFCs. Therefore, the data suggest that
adult Lesser Antillean Iguanas at Batali Beach do not suffer from significant inbreeding
depression or that heterozygosity is not correlated with increasing fitness in the chosen
fitness proxies.
The comparison between hatchling and adult HFCs, however, is difficult to
interpret. There were no correlations between heterozygosity and fitness attributed to
inbreeding depression in the hatchlings suggesting that inbreeding depression may not be
influencing population dynamics throughout the life history of these iguanas. It is also
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possible that heterozygosity in the hatchling cohort under study is not representative of
other hatchling cohorts. If true, then the lack of significant positive HFCs in the adults
would be evidence for selection obscuring the signature of inbreeding in the population.
This study revealed very weak evidence of a correlation between heterozygosity
and fitness in adults and hatchlings even when the correlations were found to be
significant (P<0.05). It is important to note that the variation in fitness proxies can be
generated by mechanisms other than levels of individual heterozygosity. For instance,
maternal and environmental effects likely play an important role in individual variation,
yet these aspects were not investigated in this study. These values for HFCs observed in
the adults and hatchlings align with the expectations of the strength of the correlation
between levels of inbreeding and individual heterozygosity in populations where
inbreeding is not a critical factor in shaping population dynamics (Szulkin et al. 2010).
However, the significant negative correlation between snout-vent length and
heterozygosity and the negative trend found in the correlation of head width and
heterozygosity in adults are particularly interesting findings in the context of published
HFC studies. In a meta-analysis of HFC effect sizes, only 34% of effects observed had
negative trends, and only 3.8% of all effects were considered strong negative HFCs
(r2>0.06; Chapman et al. 2009). The negative HFCs found in I. delicatissima suggest that
individuals with large heads and longer bodies are more homozygous than smaller
individuals. In other words, heterozygous individuals are carrying some cost in the fitness
proxy, and homozygous individuals have an advantage in these traits. The rare
occurrences of significant negative HFCs coupled with significant identity disequilibrium
have been attributed to outbreeding depression (Szulkin et al. 2010).
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Outbreeding refers to the mating of unrelated individuals. When hybridization or
more moderate heterotypic matings occur, offspring from crosses between populations
can be less fit than progeny from homotypic matings, and this loss in fitness is termed
outbreeding depression. Outbreeding depression can arise in two general scenarios in
natural populations. When individuals mix between populations, co-adapted gene
complexes can be broken down in subsequent generations leading to a loss in fitness
(Lynch & Walsh 1998). Alternatively, offspring may carry a heavier load of alleles that
have not been selected for in the local environment, such that they carry an intermediate
phenotype to the two parent genomes and are therefore more vulnerable to selection
(Kawecki & Ebert 2004). Evidence of outbreeding depression, although far less common
than inbreeding depression, has been found multiple times using controlled crosses. For
example, a cross between two geographically isolated populations in the common frog,
Rana temporaria, found that there was a significant increase in tadpole malformation and
a decrease in tadpole size in outbred offspring (Sagvik et al. 2005). Further, a cross of
two populations of pink salmon, Oncorhynchus gorbuscha, found decreased survival in
the F2 generation, which was attributed to epistatic effects from disrupted gene
complexes (Gilk et al. 2004).
Cases of negative HFCs are still uncommon, but there is increasing interest for
understanding the mechanisms leading to these correlations and a renewed interest in the
relationship between inbreeding and outbreeding in populations. Szulkin and David
(2011) emphasized that negative HFCs should be interpreted as evidence for outbreeding
depression following a study of the blue tit that demonstrated significant negative HFCs
in female hatching success and recruitment (Olano-Marin et al. 2011). Since this study,
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evidence for the connection between outbreeding and negative HFCs has been building.
A study in tadpole cohorts from separate ponds found a significant (P < 0.001) negative
correlation between MLH and tadpole growth that was attributed to outbreeding
depression (Jourdan-Pineau et al. 2012). Additional negative HFCs were found in body
condition, mass, and length in a population of grizzly bears that was partially attributed to
the translocation of animals across large geographic distances leading to outbreeding
depression (Shafer et al. 2014). Finally, a study in Zenaida Dove found a significant
negative correlation between body condition and MLH in juveniles that may be the result
of outbreeding depression from low levels of migration between islands in the Lesser
Antilles (Monceau et al. 2012).
In order for outbreeding depression to be a cause of negative heterozygosityfitness correlations, it is hypothesized that a correlation must exist between the
heterozygosity of the studied microsatellite loci and the heterozygosity across an
individual’s genome, similar to inbreeding depression (Szulkin et al. 2010). In this study,
there was no significant identity disequilibrium detected in the adult Lesser Antillean
Iguanas although the results were positive. The absence of significant identity
disequilibrium, however, does not suggest that the HFCs detected are not the product of
outbreeding depression (Kardos et al. 2014). One reason that significant identity
disequilibrium may not be detected in the presence of inbreeding or outbreeding is that
there may not be enough variation in the inbreeding coefficient (F) within the adult
iguanas sampled. Variation in F is required to detect significant identity disequilibrium
(Szulkin et al. 2010; Kardos et al. 2014), and it is possible that the surviving adults are
similarly outbred. It was noted in Kardos et al. (2014) that significant variation in F is
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rarely present in HFC study systems, and the lack of significant identity disequilibrium
should not exclude the possibility of inbreeding or outbreeding depression. Our results
are also supported by the examples of negative HFCs attributed to outbreeding depression
that also failed to detect significant identity disequilibrium (Jourdan-Pineau et al. 2012;
Monceau et al. 2012). Hence, the negative HFCs in this study may yet reflect outbreeding
depression in I. delicatissima at Batali Beach.
What is known about the ecology of I. delicatissima in Dominica lends support to
the evidence for outbreeding depression in the Batali Beach adults. The species migrates
great distances on the island as hatchlings disperse inland from nesting sites and as
females travel from inland sites to the communal nesting sites along the coast, yet males
tend to remain in one territory (Breuil et al. 2010). Hence, migration of individuals
among genetically distinct sites is likely occurring and could be contributing to
population admixture. Genetic evidence may additionally support the possibility of
outbreeding depression in I. delicatissima at Batali Beach. Though a study using a
mitochondrial locus to assess population structure of I. delicatissima across the species’
range found little divergence among populations (Martin et al. in press), microsatellites
are more sensitive to small-scale variation between populations than mitochondrial loci.
It is possible that there is enough population structure and local adaptation within island
populations to cause outbreeding depression when migration and admixture occur.
Further, although preliminary analyses of population structure on Dominica using six
microsatellite loci revealed little population structure, a larger panel of microsatellites
may reveal contrasting results. Outbreeding depression in the population of Lesser
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Antillean Iguanas at Batali Beach may suggest some relatively novel conservation
concerns.
Conclusions
The results of this study suggest that inbreeding depression is not playing a strong
role in hatchling fitness and is not significantly shaping the adult population at Batali
Beach in Dominica. Our first hypothesis, that inbreeding depression is influencing
hatchling fitness, was not supported by the lack of significant HFCs and identity
disequilibrium. The second hypothesis, that inbreeding depression shapes the survival of
individuals to adulthood and ultimately population dynamics of the Lesser Antillean
Iguana at Batali Beach, was also not supported. There were no differences in F,
heterozygosity, or significant positive HFCs in the hatchlings or adults. In terms of the
conservation concern of the species, these are important findings. The species is declining
rapidly across its range, and on Dominica, there are many current concerns to the species’
survival. Habitat destruction and road mortality are increasing in prevalence on the island
(Knapp et al. in press). As the data uncovered in our study suggest that inbreeding
depression may not be a prevalent factor in individual survival, these anthropogenic
factors are likely of higher immediate risk to the species’ survival than the effects of
inbreeding depression. The number of microsatellites used and the sample sizes should be
increased to determine if our conclusions are supported and inbreeding depression is not
significantly influencing fitness in the adults or hatchlings.
However, the detection of possible outbreeding depression from negative HFCs in
the Batali Beach adult individuals could be a cause for concern. The migration of
individuals between genetically distinct sites in itself may not be particularly concerning,
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as these natural processes have likely been occurring throughout the species’ history.
Conservation concerns could arise, however, in situations of human-mediated
translocation of individuals from one island to the next. This situation could cause a
much greater and more frequent influx of genes from disparate populations. As this study
shows possible evidence of outbreeding depression from heterotypic matings in
Dominica negatively affecting the fitness of individuals, caution must be taken when
considering translocation between islands and allowing humans to bring iguanas into
Dominica. For future genetic research of this endangered species, these findings should
be corroborated through the use of a larger panel of microsatellite markers to determine if
the pattern of outbreeding depression is supported and that caution should be used when
approaching the translocation of individuals.
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